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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of The Invention 

[0001] This invention relates to communication systems and, more particularly, OFDM (Orthogonal Frequency Divi- 
sion Multiplexing) modulation schemes which are suitable to provide a wide range of information transfer rates in a 
wide range of physical environments. 

10 

2. Description of Related Art 

[0002] OFDM is a block-oriented modulation scheme that maps N data symbols into N orthogonal carriers separated 
by a distance of 1/T, where T is the block period. As such, multi-carrier transmission systems use OFDM modulation 

15 to send data bits in parallel over multiple, adjacent carriers (also called tones or bins). An important advantage of multi- 
carrier transmission is that inter-symbol interference due to signal dispersion (or delay spread) in the transmission 
channel can be reduced or even eliminated by inserting a guard time interval between the transmission of subsequent 
symbols, thus avoiding an equalizer as required in single carrier systems. This gives OFDM an important advantage 
over single carrier modulation schemes. The guard time allows delayed copies of each symbol, arriving at the receiver 

20 after the intended signal, to die out before the succeeding symbol is received. OFDM's attractiveness stems from its 
ability to overcome the adverse effects of multi-channel transmission without the need for equalization. A need exists 
for a flexible OFDM system which provides the advantages of OFDM to a variety of communication environments. 
[0003] JP-A-07321765 discloses an OFDM transmitter arrangement that changes the power level of each carrier in 
a block of OFDM carriers on a symbol-by-symbol basis to reduce crosstalk with other services. The system changes 

25 the power of the OFDM carriers based on a mapping pattern. 

[0004] US-A-5416767 describes a method for transmitting a data stream of groups of N symbols (N being an integer) 
using N frequency division multiplexed carriers. Each carrier is modulated with a distinct symbol from the group for a 
period that exceeds the periods between subsequent symbol groups, such that the modulation signals of the carriers 
have a symbol rate at least N times lower than the symbol rate in the data stream and so that inter-symbol interference 

30 in the modulated signals is deliberately introduced. The resulting transmission is less vulnerable to noise in the trans- 
mission channel. 

[0005] US-A-5680388 discloses a method and apparatus for dynamically allocating multiple carrier wave channels 
in a frequency division multiplexing communication system. A wider frequency band may be divided into a plurality of 
subbands to enable users to transmit at higher speeds. 
35 [0006] US-A-5282019 discloses a method for encoding a television source signal having a first bandwidth into a 
frequency multiplexed signal that comprises a plurality of modulated subcarriers. Each sub-carrier has an amplitude, 
bandwidth, and coding characteristic that reflects the relative importance of the digital information provided thereby. 

Summary of the Invention 

40 

[0007] Methods and a system according to the invention are as set out in the independent claims. 
[0008] The scaleable OFDM system according to the principles of the present invention provides increased flexibility 
and adaptability by providing scaling of the operating parameters and/or characteristics for the OFDM system. For 
example, control circuitry can scale the transmission rate by scaling of the OFDM symbol duration, the number of 

45 carriers and/or the number of bits per symbol per carrier. Scaleability permits the scaleable OFDM system to operate 
in various communications environments requiring various operating parameters and/or characteristics. By scaling the 
operating parameters and/or characteristics of the OFDM system when control circuitry determines that different op- 
erating parameters and/or characteristics are necessary or advantageous, the control circuitry can dynamically change 
the operating parameters and/or characteristics, thereby providing compatibility or the desired performance. For ex- 

50 ample, by dynamically scaling the bit rate, widely varying signal bandwidths, delay spread tolerances and signal-to- 
noise ratio (SNR) requirements can be achieved. As such, a scaleable OFDM system is particularly suitable for appli- 
cation in mobile, wireless communication devices, which support a variety of services, in a variety of environments, 
indoor as well as outdoor and in radio channels with differing bandwidths. 

[0009] In accordance with aspects of certain embodiments of the scaleable OFDM modulation system, a coded 
55 OFDM modulation system can be designed with an upper limit on the number of carriers and a variable symbol duration. 
The control circuitry can dynamically scale the number of carriers below the upper limit on the number of carriers to 
decrease the signal bandwidth and the transmission rate while delay spread tolerance remains the same. The control 
circuitry can also dynamically increase the symbol duration to decrease the transmission rate and the signal bandwidth 
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and provide an increase in delay spread tolerance. In accordance with other embodiments, the scaleable OFDM mod- 
ulation system achieves variable transmission rates using adaptive coding where different coding schemes are used 
to improve the link reliability and/or to decrease the peak-to-average power ratio. 

[0010] In accordance with yet other embodiments of the scaleable OFDM modulation system, scaleabie transmission 
5 rates permit asymmetric data rates between mobile units and base stations. For example, the mobile units can have 
lower data rates than the base stations by allocating only a fraction of the total number of carriers to each mobile, while 
the base stations transmit at all carriers simultaneously. Additionally, during data downloading for example, a mobile 
unit could have a larger downlink data rate than uplink data rate. In accordance with other aspects of a scaleable OFDM 
system, mobile units and base stations using the same antennas for both transmit and receive can benefit from adaptive 
10 antennas with any additional processing done at the base station, thereby keeping the mobile as simple as possible. 
The scaleable OFDM modulation system can use an adaptive antenna at the base by sending feedback through the 
uplink, for example, when channel characteristics of uplink and downlink are not identical. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0011] Other aspects and advantages of the present invention may become apparent upon reading the following 
detailed description and upon reference to the drawings in which: 

FIG. 1 shows a block diagram of an embodiment of an OFDM transmitter according to certain principles of the 
20 present invention; 

FIG. 2 shows a diagram for explaining the windowing of OFDM symbols; 

FIG. 3 shows a plot of an OFDM power spectrum for explaining the effects of changes to certain parameters of an 
OFDM transmitter; 

FIG. 4 shows a block diagram of an embodiment of an OFDM receiver according to certain principles of the present 
25 invention; and 

FIG. 5 shows an OFDM system using OFDM transmitters and receivers according to the principles of the present 
invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

30 

[0012] Illustrative embodiments of the improved OFDM system with scaleable operating parameters and/or charac- 
teristics according to the principles of the present invention are described below as the improved OFDM system might 
be implemented to provide a flexible communications system for use in a variety of communication environments. 
Scaleability permits the scaleable OFDM system to operate in various communications environments requiring various 

35 operating parameters and/or characteristics. By scaling the operating parameters and/or characteristics of the OFDM 
system when control circuitry determines that different operating parameters and/or characteristics are necessary or 
advantageous, the control circuitry can dynamically change the operating parameters and/or characteristics, thereby 
providing compatibility or the desired performance. For example, by dynamically scaling the bit rate, widely varying 
signal bandwidths, delay spread tolerances and signal-to-noise ratio (SNR) requirements can be achieved. 

40 [001 3] The scaleable OFDM systems can be characterized by various operating parameters, including the following: 

number of carriers (N); 
symbol duration (T s ); 

number of bits per symbol per carrier (m); 
45 forward error correction coding scheme; 

coding rate; and 

the fraction of the symbol duration that is used as guard time. 
[0014] By varying these parameters, various operating characteristics can be scaled, including the following: 

50 

transmission rate (bit rate or data rate); 

signal-to-noise ratio (the larger the SNR, the lower the bit error rate); 
delay-spread tolerance; 
signal bandwidth; and 
55 implementation complexity 

[0015] The scaleable OFDM system can scale operating parameters and/or characteristics in various ways. For 
example, to dynamically scale the transmission rate, the scaleable OFDM system can dynamically adjust the symbol 
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duration, coding rate, the number of bits per symbol per carrier and/or the number of carriers depending upon the 
required or desired operating parameters and/or characteristics. In this particular example, depending upon how the 
control circuitry scales transmission rate, the scaleable OFDM system scales delay spread tolerance, signal to noise 
ratio, and signal bandwidth in different ways, making the scaleable OFDM system an attractive scheme for the imple- 
5 mentation of flexible, (dynamically) scaleable communication systems. 

[0016] For example, to double the transmission rate of the scaleable OFDM system the following operating param- 
eters and/or characteristics of the system can be dynamically scaled or adjusted: 

1 . The coding rate. In general, a channel code is applied to reduce the rate of bit errors caused by OFDM-specific 
10 channel impairments, such as multipath among the carriers. The rate of such a code can be varied to trade off bit 

rate against bit error rate. 

2. The carrier modulation scheme. By doubling the number of bits per symbol per carrier, the bandwidth and delay 
spread tolerance does not change, but the SNR is reduced, thereby resulting in a higher bit error rate. 

3. The symbol duration. By halving the symbol duration, the delay spread tolerance is halved, signal bandwidth is 
15 doubled, but implementation complexity is only increased by a factor of 2 (due to the speed-up by a factor of two). 

4. The number of carriers. By doubling the number of carriers, delay spread tolerance remains the same, the signal 
bandwidth doubles and the implementation complexity is quadrupled (both number of operations and speed are 
doubled) for an IDFT implementation or by 2(n+1)/n if an IFFT implementation is used. 

20 [0017] An additional scaling parameter which can be changed is the ratio of guard time and symbol time. Changing 
this ratio affects SNR (a larger relative guard time claims energy that would otherwise go into the signal) and trans- 
mission rate (a larger relative guard time reduces the bit rate) and the delay-spread tolerance (a larger relative guard 
time improves the resistance against delay-spread). 

[001 8] FIG. 1 shows an OFDM transmitter 1 0 having signal circuitry I which receives a data stream of data bits from 

25 a data source 12. The coding block 14 receives the data stream and partitions the data stream into successive groups 
or blocks of bits. The coding block 14 introduces redundancy for forward error correction coding. In certain embodiments 
according to other aspects of the present invention, variable data rates with OFDM are achieved by using different 
forward error correction coding schemes and/or variable modulation schemes for each carrier as controlled by dynamic 
control circuitry 15. For example, if a mobile unit is at the edge of a coverage zone, the dynamic control circuitry can 

30 decrease the coding rate to lower the data rate with the advantage of increased delay spread tolerance and better 
SNR performance. Such a decrease in coding rate is followed by a decrease in spectral efficiency (amount of bits per 
second which can be transmitted in a certain bandwidth) proportional to the decrease in coding rate. 
[0019] In accordance with the principles of the present invention, the dynamic control circuitry 15 can be responsive 
to any of a number of possible inputs to set the coding block 14 to the appropriate coding rate. For example, in a 

35 transceiver embodiment, the dynamic rate control circuitry 1 5 can detect transmission errors, such as through feedback 
from an OFDM receiver (FIG. 4) and dynamically reduce the coding rate. Alternatively, each data packet could have 
a fixed code indicating the appropriate coding rate, or in a transceiver application, the coding scheme could mirror the 
coding rate of the received input from another transmitter (not shown). Finally, the dynamic rate control circuitry 15 
could be responsive to external settings to set the coding rate. 

40 [0020] In similar fashion, the control circuitry 1 5 can respond to a variety of inputs by scaling the number of bits per 
symbol per carrier (for example, by changing the constellation size in embodiments using phase-shift keying (PSK) 
modulation). By increasing the number of bits per symbol per carrier, the bandwidth and delay spread tolerance do not 
change, but the SNR is reduced resulting in a higher bit error rate. To scale the number of bits per symbol per carrier, 
for example, the dynamic rate control circuitry 15 can change from QPSK (quaternary or 4-PSK) modulation to other 

45 phase modulations, such as 8-PSK, or to other modulation schemes, such as QAM (quadrature amplitude modulation, 
e.g., 16-QAM). 

[0021] The blocks of coded data bits are input into an N-points complex IFFT (Inverse Fast Fourier Transform) 16, 
where N is the number of the OFDM carriers. In this particular embodiment, the IFFT 16 is performed on blocks of 2N 
coded data bits received from the coding block 14. In practice, the transmitter 10 has to use oversampling to produce 
50 an output spectrum without aliasing which introduces unwanted frequency distortion due to (intended or unintentional) 
low pass filtering in subsequent stages of the transmitter or in the transmission channel. Thus, instead of an N-points 
IFFT 16, an M-points IFFT 16 is actually done where M>N to perform the oversampling. These 2N bits are converted 
into N complex numbers, and the remaining M-N input values are set to zero. 

[0022] A clock 17 provides a time base for the IFFT 16, and the output of the IFFT 16 is parallel-to-serial converted 
55 to produce an OFDM symbol. In particular embodiments according to the principles of the present invention, the control 
circuitry 15 scales operating parameters and characteristics, such as transmission rate, by changing the symbol du- 
ration T s while keeping the number of carriers N constant. In this particular embodiment, the control circuitry 15 ac- 
complishes this by controlling the clock 17 to adjust the time base to the IFFT 16. By decreasing the symbol duration, 
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an inversely proportional increase in the transmission rate is achieved. At the same time, the delay spread tolerance 
is decreased. However, this is usually not a problem, because the higher data rate also means a decrease in range, 
and lower range means lower delay spread values. 

[0023] As an example, consider an OFDM system which has to support applications ranging from mobile telephony, 
5 with raw data rates in the order of 270 kbps, to indoor wireless LANs, with data rates up to 20 Mbps. Maximum delay 
spread requirements are 16 us for mobile telephony down to about 200 ns for wireless LANs. Further, we require the 
OFDM signal to occupy a bandwidth of 200 kHz for the mobile telephony case, in order to be compatible with GSM 
channel spacing. All these requirements can be met by using OFDM with 32 carriers and a variable symbol duration 
T s of 200 us down to 2 us. For a symbol duration of 200 us, a guard time of 20 us is included to deal with the delay 
10 spread. This gives a carrier spacing of 1/(180 us) = 55.6 kHz. This means there are exactly 36 carriers possible in a 
bandwidth of 200 kHz. By using 4 carriers as guard band, in order to fulfill spectrum requirements, 32 carriers remain 
for data transmission. Using QPSK with 2 bits per carrier per symbol, this gives a raw data rate of 32.2/(200 us) = 320 
kpbs. 

[0024] By decreasing the OFDM symbol duration in the above described example, the data rate can be increased 
15 at the cost of a decreased delay spread tolerance. The maximum allowable delay spread is proportional to the OFDM 
guard time. Hence, for wireless LANs with a maximum tolerable delay spread of 200 ns, the symbol duration can be 
decreased to 2.5 us, including a guard time of 250 ns. These parameters give an occupied bandwidth of 16 MHz and 
a raw data of 25.6 Mbps. 

[0025] Table I lists several parameter options for various scaleable transmission or data rates. The first three options 
20 are for 32 carriers, the next three for 64 carriers, showing larger delay spread tolerance and a slightly smaller occupied 
bandwidth. 



Table 1: 



Examples of parameter options for scateable data rates, assuming QPSK modulation of all carriers. ■ 


Symbol duration [us] 


Guard time [us] 


Number of carriers 


Bandwidth [MHz] 


Raw data rate [Mbps] 


200 


20 


32 


0.2 


0.32 


10 


1 


32 


4 


6.4 


2.5 


0.25 


32 


16 


25.6 


400 


40 


64 


0.19 


0.32 


20 


2 


64 


3.78 


6.4 


5 


0.5 


64 


15.11 





[0026] The advantage of this OFDM modulation system over the existing GMSK modulation of GSM is higher spec- 
trum efficiency and better spectrum properties in terms of adjacent channel interference. OFDM can have relatively 
large peak-to-average power ratio, but dynamically scaling the number of carriers can reduce the peak-to-average 
power ratio. 

[0027] In this particular embodiment, the control circuitry 1 5 can provide variable transmission rates as well as other 
operating features by scaling the number of carriers. By transmitting a subset of the maximum number of carriers 
designed for the particular OFDM system, the decrease in data rate is proportional to the decrease in the number of 
transmitted carriers. Decreasing the number of transmitted carriers can also combine modulation technique and Me- 
dium Access Control (MAC), since multiple users can transmit simultaneously in the same band, using different sets 
of carriers. An additional advantage of such an approach is that the peak-to-average power ratio per user is reduced. 
This means a better power efficiency can be achieved, which is very important for battery-driven devices. Alternatively, 
the dynamic control circuit 15 can scale the number of carriers by directing the modulation of only part of the phases 
onto adjacent carriers. Such a result is advantageous if the encoder has to operate in a channel with a smaller available 
bandwidth. 

[0028] In accordance with certain embodiments of the present invention, the dynamic control circuitry 15 can dy- 
namically change N to vary the number of carriers. For example, the N-points IFFT 16 can be dynamically reduced to 
a X-points IFFT 16 where X<N. In this particular example, the IFFT 16 is designed to handle the N carriers as the 
maximum number of carriers and dynamically scaled to less than N carriers by performing an X-point IFFT 16 according 
to the control signals from the dynamic rate control circuitry 15. Alternatively, the dynamic control circuitry 15 can 
dynamically direct the OFDM transmitter 10 to transmit fewer than N carriers by calculating the IFFT for less than 2N 
input bits, leaving the other values zero and thereby permitting multiple access. 

[0029] To decrease the sensitivity to inter-symbol interference, the cyclic prefixer and windowing block 18 copies the 
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last part of the OFDM symbol and augments the OFDM symbol with the copied portion of the OFDM symbol. This is 
called cyclic prefixing. The control circuitry 1 5 can control the cyclic prefixer and windowing block 1 8 to adjust the guard 
time and/or the fraction of the guard time to symbol duration, for example, to the values listed for the above OFDM 
system example. To reduce spectral sidelobes, the cyclic prefixing and windowing block 18 performs windowing on 

5 the OFDM symbol by applying a gradual roll-off pattern to the amplitude of the OFDM symbol. The OFDM symbol is 
input into a digital-to-analog converter after which it is sent to the transmitter front-end 22 that converts the baseband 
wave form to the appropriate RF carrier frequency in this particular embodiment for transmission over antenna 24. 
[0030] FIG. 2 shows a basic representation of the windowing of an OFDM symbol where T s is the total symbol 
duration, T is the FFT time, i.e., there are N samples in T seconds. The carrier spacing is 1/T in Hz, and T G is the guard 

10 time which helps reduce the intersymbol interference caused by multipath. The roll-off time is represented by f* T s 
where p is the roll-off factor. FIG. 3 shows an OFDM power spectrum in dB. The x-axis is normalized to carrier spacing, 
and the three (3) dB bandwidth has 16 carriers 60a-60p. Changing the FFT time T will change the spacing between 
the carriers 60a-p. Increasing the number of carriers N for a constant sampling rate 1/T will increase the number of 
carriers 60a-p while keeping the carrier spacing fixed, thereby increasing the width of the transmitted OFDM power 

15 spectrum. Decreasing the number of carriers N will similarly lead to decreasing the width of the transmitted OFDM 
power spectrum. Decreasing the sampling rate 1/T will increase T and decrease the carrier spacing, thereby decreasing 
the width of the transmitted OFDM symbol. 

[0031] With particular reference to FIG. 4, the transmitted OFDM signal is received by an OFDM receiver 30 having 
signal circuitry 31 through a selected antenna 32. The OFDM signal is processed (down converted) using the receive 

20 circuitry 34 and automatic gain control (AGC) block 36. The processed OFDM signal is input into an analog-to-digital 
converter 38. The digital OFDM signal is received by a level detector 40 to provide a gain estimate feedback signal to 
the AGC 36. The digital OFDM signal is also received by a frequency compensation block 42 and a timing and frequency 
synchronization block 44. The timing and frequency synchronization block 44 acquires the OFDM symbol timing and 
provides a frequency estimate signal to the frequency compensation block 42 to correct for initial frequency offset and 

25 a timing signal to a Fast Fourier Transform (FFT) block 46. 

[0032] In accordance with aspects of the present invention, dynamic control circuitry 47 provides scaleable operating 
parameters and/or characteristics at the receiver 30. The dynamic control circuitry 47 can receive inputs from the 
transmitter 10 (FIG. 1 ), from external settings and/or from the data destination block 51 . In response, the dynamic rate 
control circuitry 47 controls the operation of the FFT 46 which is driven by a time base provided by clock 49. The 

30 dynamic control circuitry 47 can dynamically change the symbol duration by altering the time base from the clock 49 
to the FFT 46. Additionally, the dynamic control circuitry 47 can respond to its inputs by controlling the operation of the 
FFT 46. The FFT 46 is designed to perform an N-point fast fourier transform on the OFDM symbol, but depending on 
the control signals from the dynamic control circuitry 47, can perform an X-point FFT where X < N to dynamically 
change the number of carriers. 

35 [0033] In the case of the maximum number of carriers, the resulting N complex carriers are input into a phase esti- 
mation block 48 and a phase compensation block 50. The phase estimation block 48 tracks the phases of the N carriers 
and provides phase estimates to the phase compensation block 50 which compensates the N carriers accordingly. 
The compensated carriers are input into decoding block 52 which decodes the forward error correcting code of the 
transmitter 10 (FIG. 1) and provides the data signals to the data destination block 51. Depending on its inputs, the 

40 dynamic control circuitry 47 can control the decoding block 52 to dynamically change the decoding rate and/or the 
demodulation scheme, thereby dynamically changing the operating parameters and/or characteristics, such as the 
data rate . 

[0034] FIG. 5 shows an improved OFDM system 70 consisting of a base station 72 and a number of remote stations 
74 which use dynamically scaleable OFDM transmitters 1 0 (FIG. 1 ) and receivers 30 (FIG. 4) according to the principles 

45 of the present invention to provide a dynamically scaleable OFDM system 70. The dynamic control circuitry 15 (FIG. 
1) and 47 (FIG. 4) provides scaleability of operating parameters and/or characteristics between the base station 72 
and the remote units 74. In the case of dynamically scaling the data rate, the improved OFDM system starts with low 
data rate between the base station 72 and a remote unit 74. Then, the dynamic control circuitry 15 (FIG. 1 ) of the 
transmitting station increases the data rate as the system design and signal quality permits. If the signal quality de- 

50 grades, the dynamic control circuitry 15 (FIG. 1) decreases the data rate. The signal quality can be measured by one 
of the following: received signal strength, received signal to noise plus interference ratio, detected errors (CRC), the 
presence of acknowledgments (lack of acknowledgments the link for communication signals is bad). Additionally, other 
operating characteristics and/or parameters can be similarly monitored and scaled. 

[0035] The OFDM receiver 30 (FIG. 4) of the receiving station 72 or 72 can perform these measurements on received 
55 signals, after which the dynamic control circuitry 47 determines what data rate or other operating characteristics and/ 
or parameters to use and what data rate or other operating characteristics and/or parameters to use in the reverse 
direction. Accordingly, the receiver 30 provides feedback to the dynamic control circuitry 15 of the transmitter 10 of the 
receiving station 72 or 74 to dynamically scale the operating characteristics and/or parameters, such as the data rate, 
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between the two stations. Alternatively, the receiver 30 (FIG. 4) of the receiving station 72 or 74 can perform the signal 
quality measurements and send back the quality information or a request for particular operating characteristics and/ 
or parameters, such as data rate, through its transmitter 10 to the receiver 30 of the transmitting station 72 or 74. The 
receiver 30 of the transmitting station 72 or 74 then can provide feedback to the dynamic control circuitry 15 at the 
5 transmitting station 72 or 74 to dynamically scale the operating characteristics and/or parameters, such as the data 
rate, between the stations 72 or 74. Although this particular embodiment of the OFDM system 70 has a base station 
72 and remote stations 74, the scaling features according to aspects of the present invention extend to a network of 
non-centralized OFDM transceivers. 

[0036] Furthermore, in certain embodiments, the OFDM system 70 according to the principles of the present inven- 
10 tion, can be used to implement multiple access of multi-rate systems by dynamically scaling the number of carriers. 
One remote station 74 could be sending on just one carrier, another remote station 74 on 4 other carriers, while a third 
remote station 74 could be sending on yet another 2 carriers, all at the same time. For proper decoding it is mandatory 
that the signals of all carriers (from different remote stations 74) are received with roughly the same relative delays by 
the base station 72. 

15 [0037] In the case of certain embodiments of centralized systems which dynamically scale the number of carriers, 
the base station 72 receives from and transmits to all remote stations (mobile units 74 in this embodiment) within its 
range. Thus, the base station 72 of this particular embodiment should be capable of receiving and transmitting at all 
carriers simultaneously. This implies that the base station 72 faces a larger peak-to-average power ratio than the 
mobiles 74, but that is not really a drawback, since the base 72 is not battery-driven. 

20 [0038] Transmitting on subsets of carriers provides the possibility of asymmetric data links, meaning that data rates 
can be different for uplink and downlink. Asymmetric links often occur in practice, e.g., downloading data. The OFDM 
system 70 can support such asymmetric links by dynamically providing remote stations 74 with a different number of 
carriers for uplink and downlink. Also, since in a centralized system the base station 72 can transmit at higher power 
levels than the mobiles 74, it is possible to use higher level modulation schemes on the carriers (e.g. 16 QAM), such 

25 that the downlink capacity is larger than the uplink capacity. 

[0039] Advantages of using dynamic control circuitry 15 (FIG. 1) and 47 (FIG. 4) to achieve asymmetric rates are: 

Downlink capacity can be made larger than uplink capacity. 
Uplink capacity can be shared by dividing total number of carriers into subsets. 
30 • Mobiles 74 can transmit longer packets at a lower rate compared to pure TDMA. This has the advantage that the 
average transmitted power is lower (simpler power amplifier) and also that the relative overhead caused by training 
is reduced. 

Mobiles 74 only have to transmit a limited number of carriers, which reduces the peak-to-average power of the 
transmitted signal. This means the mobiles 74 can achieve a better power efficiency, which is very important for 
35 battery-driven devices. 

[0040] When different mobiles 74 are allowed to transmit simultaneously at different carriers, the following can arise: 

Symbol synchronization is necessary between mobiles and base station. Such synchronization is already present 
40 in TDMA systems like GSM. For the described OFDM example with a symbol duration of 200 us, the synchroni- 

zation offset should be limited to about 5 jis. 

Some power control is necessary to reduce near-far effects. The near-far effect is less serious than in CDMA 
systems, because the OFDM carriers are orthogonal, while CDMA codes usually have some non-zero cross- 
correlation. In OFDM, power control is only needed to reduce the dynamic range of A/D converters in the receiver, 
45 and to reduce multi-user interference caused by frequency offsets, which may introduce some correlation between 

carriers of different users. 

[0041] In the previously described OFDM mobile phone option, with 32 carriers delivering 320 kbps in a bandwidth 
of 200 kHz, the band can be divided into 8 channels of 4 carriers each. Each channel then carries data at a raw rate 
50 of 40 kbps, which provides about 70% of redundancy for signaling overhead and forward error correction coding of a 
13 kbps speech signal. 

[0042] Thus, the OFDM system 70 can provide the advantages of asymmetric data rates when needed, such as 
during the downloading of data from the base station 72 to the remote station 74, by dynamically altering the number 
of carriers used for downlink to receiver 30 (FIG. 4) of the remote station 74 and for uplink from the transmitter 10 of 
55 the remote station 74. Additionally, the OFDM system 70 can dynamically scale various operating characteristics and/ 
or parameters for the stations 72 and 74 and can provide different operating characteristics and/or parameters between 
the base station 72 and different remote stations 74 or provide varying symmetric operating characteristics and/or 
parameters between the base station 72 and a remote unit 74. Alternatively, the dynamic scaling of operating param- 
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eters and/or characteristics between stations to provide different operating parameters and/or characteristics between 
the stations can be performed in a non-centralized OFDM system of transceivers. 

[0043] In certain embodiment of the OFDM system 70 of FIG. 5, adaptive antennas 78 can be used at the base 
station 72 to make the antenna pattern adaptive and different for each carrier such that the signal-to-noise plus inter- 
5 ference ratio is maximized for each carrier. In OFDM, the base 72 simply measures the amplitude of several carriers 
to obtain the spectrum of incoming signal which provides simultaneous adaptive antennas. Adaptive antenna control 
circuitry 80 can control the adaptive antennas 78 in the following manner to provide improved performance in the OFDM 
system 70: 

10 • Base 72 measures uplink channel {N carrier amplitudes, SNR/SIR), assuming downlink channel equal to uplink 
channel, 

If downlink and uplink channels are not equal because they are at different frequencies for instance (as in UMTS), 
the mobile 74 can send measured downlink carrier amplitudes as feedback over the uplink to the base station 72; 
In uplink, base station 72 uses adaptive antenna to maximize signal-to-noise and interference ratio; and 
15 • in downlink, base station 72 uses measured uplink channel or feedback from mobile to select amplitudes and 
phases for each carrier and each antenna of the adaptive antennas 78. In this way, the OFDM system 70 benefits 
from improved antenna gain for each carrier. By transmitting more power in relatively good carriers, power is not 
wasted in carriers which do not reach the mobile 74 anyway. 

20 [0044] As such, the adaptive antenna control in the OFDM system 70 provides improved efficient performance. 
Together with the dynamic control aspects of the OFDM system 70, a flexible OFDM system 70 is provided which can 
improve the operation between the stations by using the adaptive antenna system in conjunction with the dynamic 
control to improve the OFDM system performance. For example, a certain subset of carriers can be dynamically chosen 
taking into account feedback from the adaptive antenna control circuitry. Alternatively, in an embodiment of a network 

25 of non-centralized OFDM transceivers, the transceivers or a subset of the transceivers could take advantage of adaptive 
antennas. 

[0045] Thus, the improved OFDM (Orthogonal Frequency Division Multiplexing) modulation system provides in- 
creased flexibility and adaptability by using scaleable operating characteristics and/or parameters which allow the 
improved OFDM system to operate in various communications environments. The improved OFDM system acconv 

30 plishes this by dynamically changing operating parameters, such as the number of carriers, the symbol duration, the 
coding rate, the modulation scheme and/or the number of bits per symbol per carrier, to scale the operating parameters 
and/or characteristics of the OFDM system. The dynamic rate control circuitry can dynamically scale the operating 
parameters and/or characteristics of the OFDM system or various subsets of the operating parameters and/or char- 
acteristics while maintaining other operating characteristics and/or parameters fixed to achieve the desired operation 

35 or performance for the OFDM system. 

[0046] In addition to the embodiments described above, alternative configurations of the improved OFDM modulation 
system are possible which omit or add components or use different components in performing the dynamic scaling of 
the OFDM system parameters and/or characteristics or a variation thereof. For example, only portions of the described 
control circuitry can be used to provide a subset of the scaling features, or separate control circuitry can be used which 

40 are associated with the various transmitter components. Additionally, the above-described OFDM system has been 
described as being comprised of several components, but it should be understood that the OFDM system and portions 
thereof can be employed using application specific integrated circuits, software driven processing circuitry, or other 
arrangements of discrete components. 

[0047] What has been described is merely illustrative of the application of the principles of the present invention. 
45 Those skilled in the art will readily recognize that these and various other modifications, arrangements and methods 
can be made to the present invention without strictly following the exemplary applications illustrated and described 
herein and without departing from the scope of the present invention. 



50 Claims 



55 



1. A method for providing communication signals according to operating parameters using orthogonal frequency 
division multiplexing, said operating parameters including symbol duration, guard time interval, number of multi- 
plexed carriers, and number of bits per symbol per carrier, said method CHARACTERIZED BY the steps of: 

receiving a feedback signal from a receiver (31); 

determining that an operating characteristic should be scaled from a first level to a second level based on said 
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feedback signal received from said receiver (31 ), said operating characteristic being at least one of transmis- 
sion rate, signal-to-noise ratio, and delay-spread tolerance; and 

dynamically scaling at least one of said operating parameters to achieve an operating characteristic of said 
5 second level by adaptively selecting one of a plurality of operating parameter scaling options in accordance 

with said determining step. 

2. The method of claim 1 further CHARACTERIZED BY the steps of: 

10 providing said communication signals at a data rate; and 

dynamically changing said data rate. 

3. The method of claim 1 further including the step of providing OFDM symbols from said communication signals, 
and CHARACTERIZED IN THAT said step of dynamically scaling includes the step of: 

15 

dynamically changing symbol duration for said OFDM symbols. 

4. The method of claim 3 CHARACTERIZED IN THAT said step of dynamically changing further includes the steps of 

20 transforming said communication signals into an OFDM symbol using a fourier transformation; and 

altering a time base for said fourier transformation. 

5. The method of claim 1 further including the step of providing OFDM symbols from said communication signals, 
and CHARACTERIZED IN THAT said step of dynamically scaling includes the step of 

25 

dynamically changing the number of carriers for said OFDM symbols. 

6. The method of claim 1 CHARACTERIZED IN THAT said step of dynamically scaling includes the steps of 

30 coding communication signals according to a coding rate; and 

dynamically changing said coding rate. 

7. The method of claim 1 CHARACTERIZED IN THAT said step of dynamically scaling includes the steps of: 

35 modulating carriers according to a first modulation scheme; and 

dynamically changing said first modulation scheme to a second modulation scheme. 

8. The method of claim 1 further CHARACTERIZED BY the steps of: 

40 transmitting OFDM symbols at an uplink data rate; and 

receiving communication signals at a downlink data rate. 

9. The method of claim 8 further CHARACTERIZED BY the steps of: 
45 dynamically changing said downlink data rate. 

10. The method of claim 9 CHARACTERIZED IN THAT said step of dynamically changing said downlink data rate 
includes the step of: 

so dynamically changing the number of carriers for said communication signals. 

1 1. A method of receiving orthogonal frequency division multiplexed symbols according to operating parameters, said 
operating parameters including symbol duration, guard time interval, number of multiplexed carriers, and number 
of bits per symbol per carrier, said method CHARACTERIZED BY the steps of: 



55 



receiving an orthogonal frequency division multiplexed signal that includes orthogonal frequency division mul- 
tiplexed symbols; 
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generating a feedback signal based on said orthogonal frequency division multiplexed signal and providing 
said feedback signal to dynamic control circuitry that determines whether an operating characteristic of or- 
thogonal frequency division multiplexed symbols should be changed based on said feedback signal, said 
operating characteristic being at least one of transmission rate, signal-to-noise ratio, and delay-spread toler- 
5 ance; and 

dynamically changing at least one of said operating parameters for said method of receiving, thereby enabling 
said method to receive orthogonal frequency division multiplexed symbols provided in accordance with dy- 
namically scaled operating characteristics. 

10 

12. An orthogonal frequency division multiplexing system for providing communication signals according to operating 
parameters, said operating parameters including symbol duration, guard time interval, number of orthogonal fre- 
quency division multiplexed carriers, and number of bits per symbol per orthogonal frequency division multiplexed 
carrier, said system CHARACTERIZED BY, 

15 dynamic control circuitry (15) which receives a feedback signal from a receiver (31 ), determines whether an 

operating characteristic should be scaled from a first level to a second level based on said feedback signal, said 
operating characteristic being at least one of transmission rate, signal-to-noise ratio, and delay-spread tolerance, 
and, after determining that said operating characteristic for providing communication signals should be scaled from 
said first level to said second level based on said feedback signal, provides control signals to signal circuitry (13, 

20 16, 17) to dynamically scale at least one of said operating parameters to achieve said operating characteristic of 

said second level, said control circuitry (15) controlling a scalable operating characteristic by adaptively selecting 
one of a plurality of operating parameter scaling options. 



25 Patentanspruche 

1. Verfahren zur Bereitstellung von Kommunikationssignalen entsprechend Betriebsparametern mit orthogonalem 
Frequenzmultiplex, wobei die Betriebsparameter Symboldauer, Schutzintervall, Anzahl gemultiplexter Trager und 
Anzahl von Bit pro Symbol pro Trager enthalten, gekennzeichnet durch folgende Schritte: 

30 

Empfangen eines Ruckkopplungssignals von einem Empfanger (31); 

Bestimmen, dafi eine Betriebseigenschaft auf Grundlage des vom Empfanger (31) empfangenen Ruckkopp- 
lungssignals von einer ersten Stufe auf eine zweite Stufe skaliert werden sollte, wobei die Betriebseigenschaft 
35 zumindest eine aus Ubertragungsgeschwindigkeit, Signal/Rauschabstand und Laufzeitverbreiterungstoleranz 

ist; und 

dynamisches Skalieren von zumindest einem der Betriebsparameter zum Erzielen einer Betriebseigenschaft 
der zweiten Stufe durch adaptive Auswahl einer aus einer Mehrzahl von Betriebsparameter-Skaliermoglich- 
40 keiten entsprechend dem Schritt des Bestimmens. . 

2. Verfahren nach Anspruch 1, weiterhin gekennzeichnet durch folgende Schritte: 

Bereitstellen der Kommunikationssignale mit einer Datenrate und 

45 

dynamisches Andern der Datenrate. 

3. Verfahren nach Anspruch 1 , weiterhin mit dem Schritt des Bereitstellens von OFDM-Symboien aus den Kommu- 
nikationssignalen und dadurch gekennzeichnet, daB der Schritt des dynamischen Skalierens den Schritt des 

50 dynamischen Anderns der Symboldauer fur die OFDM-Symbole einschliefct. 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB der Schritt des dynamischen Anderns weiterhin fol- 
gende Schritte einschliefit: 

55 Umsetzen der Kommunikationssignale in ein OFDM-Symbol unter Verwendung einer Fourier-Transformation 

und 

Andern einer Zeitbasis fur die Fourier-Transformation. 
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5. Verfahren nach Anspruch 1 , weiterhin mit dem Schritt des Bereitstellens von OFDM-Symbolen aus den Kommu- 
nikationssignalen und dadurch gekennzeichnet, daB der Schritt des dynamischen Skalierens den Schritt des 
dynamischen Anderns der Anzahl von Tragern fur die OFDM-Symbole einschlielit. 

6. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB der Schritt des dynamischen Skalierens folgende 
Schritte einschlieBt: 

Kodieren von Kommunikationssignalen nach einer Kodierrate und 

dynamisches Andern der Kodierrate. 

7. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB der Schritt des dynamischen Skalierens folgende 
Schritte einschlieBt: 

Modulieren von Tragern nach einem ersten Modulationsschema und 

dynamisches Andern des ersten Modulationsschemas in ein zweites Modulationsschema. 

8. Verfahren nach Anspruch 1 , weiterhin gekennzeichnet durch folgende Schritte: 

Ubertragen von OFDM-Symbolen mit einer Aufwartsstrecken-Datenrate; und 
Empfangen von Kommunikationssignalen mit einer Abwartsstrecken-Datenrate. 

9. Verfahren nach Anspruch 8, weiterhin gekennzeichnet durch die Schritte des 
dynamischen Anderns der Abwartsstrecken-Datenrate. 

10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daB der Schritt des dynamischen Anderns der Abwarts- 
strecken-Datenrate den Schritt des 

dynamischen Anderns der Anzahl von Tragern fur die Kommunikationssignale einschlieBt. 

11. Verfahren zum Empfangen von orthogonal frequenzgemultiplexten Symbolen entsprechend Betriebsparametern, 
die Symboldauer, Schutzintervall, Anzahl gemultiplexter Trager und Anzahl von Bit pro Symbol pro Trager ein- 
schlieBen, gekennzeichnet durch folgende Schritte: 

Empfangen eines orthogonal frequenzgemultiplexten Signals, das orthogonal frequenzgemuttiplexte Symbole 
enthalt; 

Erzeugen eines Ruckkopplungssignals auf Grundlage des orthogonal frequenzgemultiplexten Signals und 
Bereitstellen des Ruckkopplungssignals fur dynamische Steuerungsschaltungen, die bestimmen, ob eine Be- 
triebseigenschaft von orthogonal frequenzgemultiplexten Symbolen auf Grundlage des Ruckkopplungssignals 
geandert werden sollte, wobei die Betriebseigenschaft mindestens eine aus Ubertragungsrate, Signal/ 
Rauschabstand und Laufzeitverbreiterungstoleranz ist; und 

dynamisches Andern von zumindest einem der Betriebsparameter fur das Verfahren des Empfangens und 
dadurch Ermoglichen, daB das Verfahren entsprechend dynamisch skaiierter Betriebseigenschaften bereit- 
gestellte orthogonal frequenzgemultiplexte Symbole empfangt. 

12. System des orthogonalen Frequenzmuttiplexens zur Bereitstellung von Kommunikationssignalen entsprechend 
Betriebsparametern, die Symboldauer, Schutzintervall, Anzahl von orthogonal frequenzgemultiplexten Tragern 
und Anzahl von Bit pro Symbol pro orthogonal frequenzgemultiplexter Trager enthatten, gekennzeichnet durch 
dynamische Steuerschaltungen (15), die ein Ruckkopplungssignal von einem Empfanger (31) empfangen, bestim- 
men, ob eine Betriebseigenschaft auf Grundlage des Ruckkopplungssignals von einer ersten Stufe auf eine zweite 
Stufe skaliert werden sollte, wobei die Betriebseigenschaft mindestens eine aus Ubertragungsrate, Signal/ 
Rauschabstand und Laufzeitstreuungstoleranz ist, und nach der Bestimmung, daB die Betriebseigenschaft zur 
Bereitstellung von Kommunikationssignalen auf Grundlage des Ruckkopplungssignals von der ersten Stufe auf 
die zweite Stufe skaliert werden sollte, Steuersignale fur die Signalschaltungen (13, 16, 17) bereitstellen, urn zu- 
mindest einen der Betriebsparameter dynamisch zu skalieren, urn die Betriebseigenschaft der zweiten Stufe zu 
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erzielen, wobei die Steuerschaltungen (15) eine skalierbare Betriebseigenschaft durch adaptive Auswahl einer 
aus einer Mehrzahl von Betriebsparameter-Skaliermoglichkeiten steuert. 



5 Revendications 

1. Procede de fourniture de signaux de communication en fonction de parametres de fonctionnement a I'aide d'un 
multiplexage par repartition orthogonale en frequence, lesdits parametres de fonctionnement comportant la duree 
des symboles, I'intervalle de temps de garde, le nombre de porteuses multipiexees et le nombre de bits par symbole 

10 par porteuse, led it procede etant caracterise par les eta pes de : 

reception d'un signal de retroaction depuis un recepteur (31) ; 

determination du fait qu'une caracteristique de fonctionnement devrait etre reglee pour passer d'un premier 
niveau a un deuxieme niveau sur la base dudit signal de retroaction regu depuis ledit recepteur (31), ladite 
15 caracteristique de fonctionnement etant au moins une caracteristique parmi la vitesse de transmission, le 

rapport signal/bruit et la tolerance d'etalement du retard ; et 

reglage dynamique d'au moins un desdits parametres de fonctionnement pour obtenir une caracteristique de 
fonctionnement dudit deuxieme niveau par selection adaptative d'une parmi une pluralite d'options de reglage 
de parametre de fonctionnement conformement a ladite etape de determination. 

20 

2. Procede selon la revendication 1 , caracterise en outre par les eta pes de : 

fourniture desdits signaux de communication a un certain debit de donnees ; et 
modification dynamique dudit debit de donnees. 

25 

3. Procede selon la revendication 1 , comportant en outre I'etape de fourniture de symboles OFDM a partir desdits 
signaux de communication, et caracterise en ce que ladite etape de reglage dynamique comporte I'etape de : 

modification dynamique de la duree des symboles pour lesdits symboles OFDM. 

30 

4. Procede selon la revendication 3, caracterise en ce que ladite etape de modification dynamique comporte les 
etapes de : 

transformation desdits signaux de communication en un symbole OFDM a I'aide d'une transformation de 
35 Fourier ; et 

alteration d'une base de temps pour ladite transformation de Fourier. 

5. Procede selon la revendication 1 , comportant en outre I'etape de fourniture de signaux OFDM a partir desdits 
signaux de communication, et caracterise en ce que ladite etape de reglage dynamique comporte I'etape de : 

40 

modification dynamique du nombre de porteuses pour lesdits symboles OFDM. 

6. Procede selon la revendication 1 , caracterise en ce que ladite etape de reglage dynamique comporte les etapes 
de: 

45 

codage de signaux de communication en fonction d'un taux de codage ; et 
modification dynamique dudit debit de codage. 

7. Procede selon la revendication 1 , caracterise en ce que ladite etape de reglage dynamique comporte les etapes 

50 de : 

modulation de porteuses en fonction d'un premier schema de modulation ; et 

modification dynamique dudit premier schema de modulation en un deuxieme schema de modulation. 

55 8. Procede selon la revendication 1 , caracterise en outre par les etapes de : 

transmission de symboles OFDM a un certain debit de donnees sur la liaison ascendante ; et 
reception de signaux de communications a un certain debit de donnees sur la liaison descendante. 
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9. Procede selon ta revendication 8, caracterise en outre par I'etape de : 

modification dynamique dudit debit de donnees sur la liaison descendante. 

5 10. Procede selon la revendication 9, caracterise en ce que ladite etape de modification dynamique dudit debit de 
donnees sur la liaison descendante comporte I'etape de : 

modification dynamique du nombre de porteuses pour lesdits signaux de communication. 

10 11. Procede de reception de symboles multiplexes par repartition orthogonale en frequence en fonction de parametres 
de fonctionnement, lesdits parametres de fonctionnement comportant la duree des symboles, I'intervalle de temps 
de garde, le nombre de porteuses multiplexees et le nombre de bits par symbole par porteuse, ledit procede etant 
caracterise par les eta pes de : 

reception d'un signal multiplexe par repartition orthogonal en frequence comportant des symboles multiplexes 
par repartition orthogonale en frequence ; 

generation d'un signal de retroaction sur ia base dudit signal multiplexe par repartition orthogonale en fre- 
quence et fourniture dudit signal de retroaction a une circuiterie de commande dynamique qui determine si 
une caracteristique de fonctionnement de symboles multiplexes par repartition orthogonale en frequence doit 
etre modifiee sur la base dudit signal de retroaction, ladite caracteristique de fonctionnement etant au moins 
une caracteristique parmi la vitesse de transmission, le rapport signal/bruit et la tolerance d'etalement du 
retard ; et 

modification dynamique d'au moins un desdits parametres de fonctionnement pour ledit procede de reception, 
pour permettre ainsi audit procede de recevoir des symboles multiplexes par repartition orthogonale en fre- 
quence fournis conformement a des caracteristiques de fonctionnement ayant fait I'objet d'un reglage dyna- 
mique. 

12. Systeme de multiplexage par repartition orthogonale en frequence pour fournir des signaux de communication en 
fonction de parametres de fonctionnement, lesdits parametres de fonctionnement comportant la duree des sym- 
30 boles, I'intervalle de temps de garde, le nombre de porteuses multiplexees par repartition orthogonale en frequence 

et le nombre de bits par symbole par porteuse multiplexee par repartition orthogonale en frequence, ledit systeme 
etant caracterise par : 

une circuiterie de commande dynamique (15) qui recoit un signal de retroaction depuis un recepteur (31), 
35 determine si une caracteristique de fonctionnement doit etre reglee pour passer d'un premier niveau a un 

deuxieme niveau sur la base dudit signal de retroaction, ladite caracteristique de fonctionnement etant au 
moins une caracteristique parmi la vitesse de transmission, le rapport signal/bruit et !a tolerance d'etalement 
du retard, et, apres avoir determine que ladite caracteristique de fonctionnement permettant de fournir des 
signaux de communication doit etre reglee pour passer dudit premier niveau audit deuxieme niveau sur la 
40 base dudit signal de retroaction, fournit des signaux de commande a une circuiterie de signal (13, 16, 17) pour 

effectuer un reglage dynamique d'au moins un desdits parametres de fonctionnement pour obtenir une ca- 
racteristique de fonctionnement dudit deuxieme niveau, ladite circuiterie de commande (15) commandant une 
caracteristique de fonctionnement reglable par selection adaptative d'une parmi une pluralite d'options de 
reglage de parametre de fonctionnement. 

45 
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